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SUMMARY 



"This report covers the eleventh of a series of sys- 
tematic tests 1361116 conducted "by the National Advisory 
Committee for Aeronautics to compare different lateral 
control devices with particular reference to their effec- 
tiveness at high angles of attack. The present tests were 
made with six different forms of floating tip ailerons of 
symmetrical section. One form had a Relatively narrow 
chord, 40 per cent that of the wing, and was tested in 
four different foro-and-aft locations on the tips of a 
rectangular wing. Three of the forms were multiple float- 
ing tip ailerons having three, four, and five narrow aile- 
rons each, located one behind the other at the wing tips. 
The other two forms were included in the plan forms of 
wings with two different degrees of taper, 5:3 and 5:1, 
The tests showed the effect of the various ailerons on the 
general performance characteristics of the wing, and on 
the lateral controllability ajid stability characteristics. 
In addition, the hinge moments were measur&d for the most 
interesting cases. The results are compared with those 
for a rectangular wing with ordinary ailerons and also 
with those for a rectangular wing having full-chord float- 
ing tip ailerons. 

Practically all the floating tip ailerons gave rea- 
sonably satisfactory rolling moments at all angles of at- 
tack and at the same time gave no adverse yawing moments 
of appreciable magnitude. The general performance charac- 
teristics with the floating tip ailerons, ' however , were" 
relatively poor, especially the rate of olimb. None of 
the floating tip ailerons entirely eliminated the autoro- 
tational moments at angles of attack above the stall but 
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all of them gave lower monents than, a plaiu wing. Some of 
the floating ailerons fluttered if given sufficiently 
large deflection, "but this could have tieap. eliminated "by 
moving the hinge axis of the ailerons forward, Oonsidor- 
ing all points including hinge moments, the floating tip 
ailerons on the wing with 5:1 taper are prohatly the best 
of those which were tested. 



I3SrTE0DU0TI0II 



A series of systematic wind-tunnel investigations, 
one of which is covered hy this report, is being made- by 
the National Advisory Committee for Aeronautics in order 
to compare various lateral control devices. These devices 
are given the same routine tests to show their relative 
merits in regard to lateral controllability and their ef- 
fect on the lateral stability and on airplane performance. 
They are being tested first on r9ctang:ular Clark T wings 
of aspect ratio 6, followed by wings with different plan 
forms, wings with high lift devices, and also wings with 
such variations as washout and sweepback, which affect 
lateral stability. The first report of this series (ref- 
erence 1, Part I) deals with three sizes of ordinary aile- 
rons, one of which is a medium- sized aileron taken from 
the average of a number of conventional airplanes and used 
as the standard of comparison throughout the entire inves- 
tigation. Other work that has been dona In this aeries is 
reported in reference 1* Farts 11 to X. 

Under reference 1, Part IV, a preliminary investiga- 
tion is reported of full-chord floating tip ailerons on 
rectangular wings. Floating tip ailerons having differ- 
ent airfoil sections were tested with different hinge- 
axis locations, with trailing-odge flaps on the ailerons, 
and with end plates between the wing and ailerons. With 
the best arrangements, satisfactory lateral control at the 
high angles of attack was obtained and the maximum autoro- 
tational moments were lower than those for a plain wing, 
but the maximum lift coefficients were- 1-ow and the per- 
formance characteristics in climb were poor. 

The present report i s on a continuation of the float- 
ing tip aileron investigation. Involving teste of both 
single and multiple floating tip ailerons of reduced chord 
on rectangular wings and also of floating tip ailerons 
which were included in the plEui forms of two tapered wings. 
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one having a medium degree of taper, 5:3, and one having 
an extreme degre^ of taper, 5:1, Sone of these^ arrange- 
ments, it was "believed, might improve the maiimum iTff^ co- 
efficients and the performance in climh over those oh- 
tained with the full-chord floating tip ailerons on roc- " 
tangular wings. In addition, from the results of tests 
reported in reference 3, it seesied possihle that the mul- 
tiple tip ailerons might give improved damping in roll at 
angles of attack ahove the stall, " 



APPJLRATUS 

W ind tunnel ,- All the present tests were made in the 
N.A.C.A, 7 by 10 foot open-;}et wind tunnel. In this tun- 
nel the model is supported in such a manner that the 
forces and moments at the quarter-chord poinT of tho mid 
section of the model are measured diroctiy Tn cFofficibni" 
form, For autorotation tests, the standard forco-test 
tripod is replaced "oy a special mounting that permits the 
model to rotate- about tho longitudinal wind axis-passfng 
throxigh the midspan quarter-chord point, ""Ihis apparatus"" 
is mounted on the balance, and the rolling-moment coeffi- 
cient can be read directly during the'' forced-rotation 
tests. A complete description of the above isquipment i's ' 
given in reference 3, ' -- ■ 

Model s ,- The dimensions of the various floating tip 
ailerons are given in figures 1 to 6, ' All the ailerons 
were designed to give approximately the sajoie rolling con- 
trol at 10° angle of attack as the ordinary aflefons~on ~~ 
the standard wing. In each case the over-iall span of the 
model was 60 inches, the main ■fflng had the Clark Y airfoil 
section, and the ailerons had the symmetrical IT.A.C.A, OOlO 
section* Except in the cases of the multiple tip ailerons 
with three and four sections, the aspect ratio , including 
the are^a of the ailerons, was in each case 6, Ail iho "ai- 
lerons were hinged about an axis 18 per cont of their chord 
back of the leading edge, a position which was~thbught, on 
the basis of tho tests on the full-chord floating tip ai- 
lerons of Part IV, would probably be the moflt s^itisfacto- 
ry. In the present tests some of the tip ailerons flut- 
tered when given sufficiently high deflections. The pre- 
vious tests on floating tip ailerons show, however, that 
flutter day be avoided by locating the aileron axis slight- 
ly farther forward. All the single ailerons were ©quipped 
with trailing-odge flaps covering 20 per cent of tho chord 
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whiclx could be set to control the floating angle. The 
right and left ailerons vere rigidly coni^ected hy moans 
of a shaft through the wing model , The tapered wings re- 
quired two shafts having angles with respect to each oth- 
er and connected at the center by means of two universal 
joints. In all cases the shaft was supported as freely 
as possible in plain bearings in the wing. 

The four axis positions of the single narron'-chord 
ailerons are shown in figure 1. In one position the lead- 
ing edge of the aileron was even with that of the wing, 
in another the trailing edgee. sere even; the other two 
positions were intermediate. 7ith the multiple tip aile- 
rons (figs, 2, 3, and 4) the leading edge of the forward 
section was in each case oven with the leading edge of the 
wing and the trailing edge of the rear section was even 
with the trailing edge of the wing,. Ko flaps were used 
on these ailerons because they were constructed after the 
results of the tests on the single narrow-chord ailerons 
had indicated that the flaps would not be necessary, She 
various sections of each multiple tip aileron were con- 
nected by a linkage system which kept them parallel to 
each other at all angles of deflection. This linkage 
system had considerably more friction than the shaft sup- 
porting the single ailerons. 

The main wing portion of each model was constructed 
of laminated mahogany within db-0.005 inch of the specified 
dimensions. The ailerons were statically balanced about 
their hinge axes, the rear portion being made of white 
pine and the front portion brass. The accuracy of their 
construction was slightly less than that of the main wing. 



TSSTS iUTD BESULTS 



The tests were conducted in accordance with the stand- 
ard procedure, and at the dynamic presstire and Reynolde 
Number employed throughout the entire series of investi- 
gations on lateral control. (Reference 1.) The dynamic 
pressure was 16,37 pounds per square foot, corresponding 
to an air speed of 80 miles per hour at standard density, 
and the Heynolds Number was 609,000, based on the aver- 
age chord". 

The regular force tests were made at a sufficient num- 
ber of angles of attack to determine the maximum lift co- 
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efficient, the miniaum drag coefficient, and the drag co- 
efficient at Cii = 0,70, wMch is used to give a rate- 
of-clim'b criterion* Free-autorotation tests were made to 
determine the angle of attack above which autorot'ation 
was self-starting with all controls neutral. 3'orced~rota- 
tion tests were also made in which the rolling moment 
while rolling was measured at the rotational velocity oor- 
p«h 

responding to -^—^ = 0,05, where p' is the rate of ro- 
tation about the wind axis, b is the span, and V is 
the air velocity, Ihe value 0,05 represents the highest 
rate likely to be obtained in gusty air. Ihe forced- 
rotation tests were made at angles of yaw of both 0° and 
-20°, 

Prelimi nary , te st s to find the best flap settings .- In- 
asmuch as in the tests of the full-chord floating tip ai- 
lerons of Part IV the highest values of the speed-range 
ratio Oiimax/^Dmin were obtained with aileron flaps set 
up 2°, flaps were provided for the present ailerons also", 
the multiple tip ailerons excepted, With bach of the 
wings having single ailerons, tests were made in which the 
ailerons were set neutral (both ailerons at the same angle) 
and allowed to float with the flaps .deflected various a- 
mounts, G?he deflections giving the highest values of the 
ratio Oiimax/ODmin '''ere 0 with the narrow-chord ailerons, 
0,5° on the wing with 5:3 taper, and 0° on the wing with 
5:1 taper. These results indicate that 0° is probably the 
best setting and that the 0,5° setting on tfhe wing with 
5:3 taper probably corrects for a sligh't dissymmetry of 
the ailerons. Ihe remainder of the tests were all made 
with the flaps set at the above angles. 

Tests to determine suitable maximum aileron deflec- 
tion .- Tests were made on all the ailerons at an angle of 
attack of 10° with the ailerons deflected various amounts 
to determine the deflection necessary to give the same 
control at this angle of attack as the standard conven- 
tional ailerons. Thid amount of control has been a'ssuS^d 
as a satisfactory value when given in terms of the lateral 
control criterion EC, which is explained later in this 
report. Had sufficiently accurate data been" "available upon 
which to base the design of the floatd^ng tip ailerons, the 
assumed satisfactory rolling moments would have been just 
below the maximum moments given by the ailerons with any 
deflection. With some of these ailerons, however, sub- 
stantially greater moments could be obtained with higher 
cLeflections and the tests were extended to determine the 
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maximum rolling moment wliich could be obt&ined -with, any 
deflection. In some cases tlia loiaxlmua usable deflection 
was limited by the fact tiiat the ailorons fluttered when 
the deflection was increased boyond a certain point. The 
question of this flutter and i^s relation to the test re" 
suits is diycussed ibbre fully in the next section. 

The firs"t tests were made witlh the single narrow- 
chord ailerons at each of the four longitudinal locations 
and the results are given in Figure 7, The aileron de- 
flections necessary to produce the assumed satisfactory 
control moment at the 10° angle of attack were ±8° (16° 
differencs between ailerons), ±5°, ±9°, and ±9.5° for the 
four locations taken respectively from front to rear. In 
the forward location these ailorons fluttered when given 
a deflection greater than ±13°, but no flutter occurred 
with any of the deflections tried at any of the other 
three locations, ■ ■ — — 

The results of the tests of- the multiple tip ailerons 
are shown in Figure 8. Neither the 5-Bection ailerons nor 
the 3-eection ailerons gave entirely satisfactory values 
at the 10° angle of attack. The maximum def-lections chosen 
were ±24° for the 5-section ailerons and ±21° for the 3- 
section ailerons. With the 4-section ailerons the rolling 
moment continued to increase with deflection up to ±30°, 
which gave satisfactory control, and was chosen as the max- 
imum. 

The results for the floating tip ailerons on both 
tapered wings at an angle of attack of 10° are given in 
Figure 9. The deflections required for the assumed satis- 
factory control were ±15° for the ailerons on the wings 
with 5:3 taper and ±10.75° for the ailerons on the wing with 
5rl taper. These ailerons fluttered when deflected above 
±16° on the wing with 5:3 tapor and ±14° on the wing with 
5;1 taper. If the ailerons had not fluttered it would 
have been possible to obtain slightly greater rolling mo- 
ments but it is not believed that the increase would have 
been greater than 5 or 10 per cent. 

The deflections that gavo the assumed satisfactory 
r-olling moment at the 10° pugle of attack are assumed as 
the maximum deflection giving the beet comparison between 
these ailerons and ailerons of other forms. Inasmuch as 
the final complete tests showed that with these deflec- 
tions the floating tip ailerons would not give satisfa.c- 
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tory moments at the higher angles of attack, the results 
are also compared for the deflections giving -the maximum 
rolling moments,^ which in some cases were the maximum de- 
flections that could "be used without flutter. 

Aileron flutter .- The single narrow-chord ailerons at 
the forward location and the ailerons on hoth tapered 
wings fluttered at all angles of attack with zero yaw if 
given sufficient deflection, and they al so~ flutter eST wTtE 
smaller deflections if yawed sufficiently," "This condi- 
tion of flutter need not give rise "to serious difficulty, 
however, for, according to the tests on the full-chord 
floating tip ailerons of Part IV, the flutter can ho elim- 
inated by moving the axis ahead slightly. Inasmuch as tho 
test results would not he greatly different if the axes 
were moved farther ahead, it was not thought necessary to 
repeat the tests with tho more favorahle locations. The 
hinge moments would, of course, he slightly higher, The^ 
effect of yaw on flutter is illustrated hy the following 
case: The ailerons on the wing with 5:3 taper woiild not 
flutter at any angle of yaw with deflections of less than 
±11°, hut with a deflection of ±13° flutter occurred at 
angles of attack from 16,5° to 22° with 9° of yaw or more, 
' and with a deflection of ±16° flutter occurredat angles 
of attack from 14,5° to 22° with 5*^ of yaw or more". ' 

F inal tests.- Force tests at both 0° and -20° yaw were 
made with the single narrow-chord ailerons set "neutralT'aiid 
deflected various amounts, at each of the four axis loca- 
tions. The results of these tests are given in Tables I 
and II as absolute coefficients of lift and drag and of 
rolling and yawing moments: 



l ift 

i s 



" q S 
„ , rolling moment 

TTF" 



yawing moment 



a q b S ' - 

where S is the total wing area, including the area of 
the ailerons, b is the over-all span, and q is the dy- 
namic pressure, Tho coefficients as given above are ob- 
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tained directly from the balance and refor to the wind (or 
tunnol) axes. In special cases in the discussion where 
the moments a.ro used with reference to tho tody axes the 
coefficients are not primed. Thus, tho symhols for tho 
rolling and yawing momoiit coefficients ahout tho "body axos 
firo, respectively, Ol and On. 

The rolling and yawing moments at 0° yaw with ailerons 
deflected are the moments due to ailerons alone. At 20° 
yaw with the ailerons neutral the moments as tabulated are 
due to yaw alone, but those with the ailerons deflected 
have been corrected so that they represent only the effect 
of the ailerons. The floating angles of the right aile- 
rons with respect to the chord of the model, designated 
5j^, are also included in these tables, 

Eotation te-sts at both 0° and 30° yaw were made with 
the ailerons floating neutral at e-ach axis location. The 
first of these were f ree-autorotation testa at 0 yaw to 
find the angle of attack below which it would not rotate. 
Next forced-rotation teats were made at both 0° and 30° 
yaw in which the rolling moment while rolling was measured 

p «b 

at the rotationsl spe^ corresponding to ^ = 0.05, the 

highest rate likely to be caused by gusty air. The results 
are given in Table III in terms of a coefficient represent- 
ing the rolling moment due to rolling, or if yawed due to 
rolling and yaw, 

where \ is the rolling moment measured while the wing- is 
rolling and the other facfcers have the usual slgnlf Iceuico. 

Similar results ar« given for the wings with multiple 
tip ailerons and tapered ailerons in Tables 17 to XII. 

Hinge-moment tests were made for the single narrow- 
chord ailerons at the forward location, for the ailerons 
on both tapered wings, and for the full-chord ailerons of 
Part 17 with the 15 per cent and 20 per cent axis loca- 
tions. The results of all these tests are given in Table 
XIII, 

Accuracy.- The accuracy of the resxuLts given in this 
report is the sacie as that obtained in Part I, (Refer- 
ence 1.) It is considered satisfactory at all angles of 
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attack except in the "bur "bled region "between 20° and 25°. 
In this region the rolling and yawing moment s are relative- 
ly unreliatlo owing to the critical and often unsymmet- 
rical condition of the hurhlod air flow around the wing. 
On some occasions two values wore measured at the same 
£mglo of attack, in which case hoth are recorded in the 
tahles* 

DISCUSSION IN TERMS OP CRITEEIONS 



For a comparison of the different aileron effects, 
the results of tha tests are discussed in terms of drrte- 
rions which are explained in detail in reference 1 and 
"briefly in the following paragraphs. By use of these cri- 
terions a comparison of the effect of the different aile- 
rons on the general performance, the lateral controlla"bil- 
ity, and the lateral sta'bility may "be easily made. The 
results of the ahove tests in terms of the criterions are 
given in Ta'ble XI"V. The criterions for tho following ai- 
leron arrangements are included in the ta'ble for compari- 
son; the wing with the 25 per cent chord "by 40 pet* cent 
semispan ordinary ailerons, which is used as the standard; 
one of the "best full-chord floating tip ailerons on a rec- 
tangular wing from Part 17, this aileron having a symmet- 
rical section with the aileron flap's up 2° and a maximum 
aileron deflection of ±20°. 



6-eneral Performance 
(Controls Neutral) 



Wing area req^uired for desired landing speed .- The 
criterion Ci,max used to indicate the wing area re- 

quired for a given landing speed, or conversely, for the 
minimum landing speed o'btaina'ble with a given wing area. 
The coefficient as used herein is "based on the entire wing 
area, including the ailerons. The use of this area in 
calculating the coefficients was considered a fair "basis 
for comparing floating tip ailerons with ordinary ailerons 
as the floating ailerons represent additional structural 
weight and span. 

A. comparison of the maximum lift coefficient o'btained 
with the various floating tip ailerons with the maximum 
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lift coefficient obtained with ordinary ailerons on the 
standard wing shows that the value is less in every case 
with the floating ailerons. She greatest reduction, about 
23 per cent, occurred with the sini^le narjjow-chbrd aile- 
ron in any of the fore-and.-.a,ft locations. With the multi- 
ple tip ailerons having five sections, the reduction was 
18 per cent, with four sections 16 por cent, and with 
three sections 12 por cent. The rectangular wing with 
full-chord floating tip ailerons and tho wing with 5:3 
taper also showed a reduction of about 12 per cent, but 
with tho wing having 6;1 taper the rDduotlon was only 7 
per cent, which was about 4 per cent higher than the mai- 
imum lift with the full-chord tip ailerons. 

S peed range .- The ratio Oiimax/Ojjiain Is taken as a 
criterion for speed range. The value of this ratio for 
the wings with the single narrow-chord ailerons, the wing 
with 5:3 taper, and the wings with multiple tip ailerons 
was about 20 to 35 per cent lower than the standard wing 
and about 5 to 15 per cent lower than the wing with the 
full-chord floating tip ailerons. The value for the wing 
with 5:1 taper, ho-Eraver, was practically as high as that 
for the standard wing and about 14 per cent higher than 
for the wing with the full-chord tip ailerons. 

Hate of climb .- In order to establish a suitable cri- 
terion for tho effect of the wing and tho lateral control 
devices on the rate of climb of an airplane, the perform- 
ance curves of a number of types and sizes of airplanes 
were calculated, and the relation of the maximum rate of 
climb to the lift and drag curves was studied. This In- 
vestigation showed that the l/D at 0^ = 0,70 gave a 
consistently reliable figure of merit for this purpose. 
The value of this criterion is substantially lower for the 
wingB with any of the floating tip ailerons of the pres- 
ent tests than for the standard wing, the loss ranging 
from a minimum of 20 per cont for the wing with 5:3 taper 
and- the wing with the throe- section multiple tip to a max- 
imum of 45 per cent for the wing with a narrow- chord ai- 
leron in the forward position. Likewise, the values of 
this criterion for any of tho wings for this series ffP"o 
from 4 to 34 per cent lower than that for the wing with 
the full-chord floating tip ailerons. 

In the above discussion the ailerons have been con- 
sidered a part of the wing proper as previously explained. 
If, however, the aileron-S were assumed to be solely con- 
trol devices added to the standard wing of aspect ratio 6, 
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th-e relative values of the criterions would Tie considera- 
"bly different, Tlie maxisram lift in every case would then 
be approximately the same as that for the standard wing 
and the speed-range ratio and the rate-of-climb criterion 
would be only slightly lower than for the standard wing, 
the decrease being the result of the additional parasite 
drag of the tip ailerons. If the tip ailerons wore con- 
sidered in this way, however, the additional weight and 
the additional span» the latter requiring greater space 
for housing purposes, would be separate disadvantages not 
included in the criterion. 



Lateral Controllability 
(Maximum Assumed Control Deflection) 



Rolling criterion ." The rolling criterion upon which 
the control effectiveness of each of the aileron arrange- 
ments is judged is a figure of merit that is designed to 
be proportional to the initial acceleration of the wing 
tip, following a deflection of the aileron from neutral, 
regardless of the air speed or, within reasonable limits, 
of the plan form of the wing. Expressed in coefficient 
form this rolling criterion is 

_ Ol ^ 

^° " 12 Ci, 1^ - — 

where Oi is the coefficient of rolling moment due_to the 
ailerons with respect to the body axis (which axis for the 
wing alone is taken as the midspan chord line) and Ij- is 
the area moment of inertia about the midspan chord line. 
A more detailed discussion of BC and the assumptions up- 
on which it is based is given in reference If Fart I. 

The numerical value of this criterion that is assumed 
to represent satisfactory control conditions is approxi- 
mately 0,075, the value given by the standard ailerons 
with an assumed maxinum deflection of ±'3'5° at an angle of 
attack of 10°. Kone of the lower of the assumed maximum^ 
deflections gave satisfactory control at all angles of at- 
tack (particularly at angles of attack in the neighborhood 
of 30°), but satisfactory control was approached by all of 
the single ailerons with the maximum usable deflections. 
Values of the criterions are given for both deflections 
in Table XIV. 
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At a = 0° all the .ailerons teBted gave substantial- 
ly greater values of HO than that considered necessarya 

At a = 10° all the ailerons gave approximately sat- 
isfactory values of EC, except for the multiple tip ai- 
lerons with five and ?rith three sactious* The single ai- 
lerons with the higher of the two assumed maximum deflec- 
tions all gave somewhat greater than the assunejd necessary 
value of EC at the 10° angle of attack. 

At a = 20°, which is just above the stall, all the 
floating tip ailerons were found to be better than the 
standard ordinary ailerons* i'or the single ailerons with 
the lOTirer of the two assumed maximum deflections which 
gave just satisfactory control at an angle of attack of 
10°, and also for the multiple tip ailerons, however, the 
values of EC wer& not in any case satisfactory at the 
20° angle of attack. The largest, which was about 80 per 
cent of the satisfactory value, was obtained on the wing 
with 5:3 taper, With the higher of the assumed majclmum 
deflections, satisfactory values of EC were obtained at 
the 20° angle of attack with the single narrow-chord ai^- 
lerons in the foremost location, and 86 per cent of the 
satisfactory value with the wing having 5:3 taper. If the 
aileron hinge axis were moved ahead somewhat to permit 
greater deflections without flutter, "i^ Ts'pos'sible that 
satisfactory control moment s at the 20° angle of attack 
could be obtained also with the ailerons on the wing with 
the 5:1 taper. 

At a = 30°, which is well above, the range ;0f angles 
ordinarily obtainable in steady stalled flight, all the 
floating tip ailerons tested gave reasonably satisfactory 
values of HO. Ordinary ailerons fail almost completely 
at this angle of attack, 

Q Iiat eral control w i th sideslip .- If a wing Ip yawed 
20 , a rolling moment that tends to raise the forwstrd tip 
is set up with a magnitude that is greater at very high 
angles of attack than the available rolling moment due 
to conventional ailerons. The limiting angle of attack 
at which the ailerons can balance the rolling moment due 
to 20 yaw represents the greatest angle of attack that 
csin be h«ld in an average sideslip. This angle is tabu- 
lated for. all the ailerons as a criterion of control with 
sideslip. 
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Ihe values in Tahle XI7 sh.ow that all the singlg 
floating tip ailerons tested gave control against 20 
sideslip up to angles of attack from 17° to 20°, the 20° 
value heirig the sane as that for the s.tahdard ailerons, 
Ihe multiple tip ailerons with three and four sections 
also gave control to ahout the same angle of attack as 
the standard ailerons, "but the five-section multiple tip ^ 
aileron maintained control up to an angle of attack of 23 , 

Yawing moment due to ailerons.- The amount emd even 
the direction of the yawing moment which is desiraMe from 
ailerons does not seem to have "been definitely determined 
up to the present time. It was thought in the past, par- 
ticularly with reference to acrohatic flying and prohahly 
with reference to most ordinary maneuvers, that to the pi- 
lot the maneuvers would seem as if they occurred about 
the airplane-, or body, axes, ffor a maneuverahle or acro- 
batic airplane it was therefore thought that complete in- 
dependence of the three aerodynamic -controls about the 
body axes would probably be a desirable feature. Recent" 
flight tests made in a control investigation that is still 
under way, however, indicate that the yawing action of the 
ailerons as observed by the pilot is that which would be 
expected from the yawing moments occurring about the wind 
axes, not those about the body axes. It is hoped that 
the present flight investigation, in which some of the in- 
teresting ailerons and spoilers developed in the present 
series of wind-tunnel tests on lateral control devices 
are being tested in regard to their operation in flight, 
will give sufficient information on yawing moments to set- 
tle in large measure the question of the amount of yawing 
moment desirable for various flying conditions. At the 
present time no final conclusions have been reached. Ihe 
indication is, however, that zero or very small yawing mo- 
ments about the wind axes are desirable for acrobatic fly- 
ing and possibly for flying in general, but yawing moments 
of such a sense that they tend to retard the low wing in a 
turn definitely improve the lateral control at angles of 
attack above the stall. Until more definite conclusions 
are reached, the yawing-mom.ent coefficient in the crite- 
rion table will be, as in the previous reports of this se- 
ries, given with respect to the body axes. In all the re- 
ports including the present, however, the yawing-moment 
coefficients with respect to the wind axes are given i.n , 
the detailed tables of measured data. 



Tor all the floating tip ailerons the yawing«-momen.t 
coefficients about the wind axes were very close to zero 
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at all angles of attack, Izi terms of the "body axes the 
yawing saoments were, of courfie, the saae at the zero an- 
gle of attack, but at the hiffh angles of attack thoy he- 
came vary large in the so-called favorable sense. 



Lateral Stability 
(Controls Neutral) 



An^le of attack above ^hich autorotation Is self- 
starting.- This criterion is a measure of the range of an- 
gles of attack above which autjsrotati on will start from 
an initial condition of practically zero rate of rotation. 
In general, the ajigle of attack at which autorotation ia 
self-starting was found to be about the some for the wings 
with f loati-ng -tip ailerons as for the standard wing with 
ordinary ailerons. It was, however, slightly higher for 
the wing with the single narrow-chord floating tip aile- 
rons in both the front and rear positions. 

Stability against rolling caused b y gusts..- Test 
flights have shov^n that in severe guats a rolling volocity 

such that 2^ ~ ^'^^ ^^'^ obtained. Consequently, the 
rolling moment of— a wing du« to rolling at this value of 
gives a measure of one factor affecting lateral sta- 

2 V 

bility characteristics in rough air. In the present case, 
the angle at-which this rolling moment becones zero is 
used as a more severe criterion than the- previously men- 
tioned angle at which autorotation is self- starting, to 
indicate the practical upper limit of the useful angle-of- 
attack range. As in the case of the angle of attack abov» 
which autorotation was self- starting, the single, of insta- 

pib 

bility while rdtating with -^-^ = 0-,05 was approximately 

the same for all the wings with floating tip ailerons as 
for the plain wing with standard ailerons. With 30 yaw 
the wings with narrow-chord ailerons and multiple tip ai- 
lerons, like the standard wing, had an angle of attack for 
initial instability about 7° lower than with 0° ya^, Vov 
the wing with 5:3 taper thi-fl difference was only 4 and 
for the wing with 5:1 ts-per the angle for initial insta- 
bility was actually 1° higher with 20° yaw than with 0° 
yaw. 
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The above criterion shows the critical range below 
which the stability is such that any rolling is damped 
out, and above which instability exists, The last crite~ 
rion, maximum 0\, indicates the degree of this insta- 
bility, All the rotation tests showed somewhat unsymmet- 
rical conditions in the two directions of rotation, and 
the maximum value of Ox found with any angle of attack 
in either direction of rotation is used as the criterion. 
At 0 yaw the wing with the single narrow-chord floating 
tip ailerons in any of the fore-and-aft locations showed 
a much weaker tendency to autorotate than the standard 
wing with the plain ailerons or the rectangular wing with 
full-chord floating tip ailerons. The wing with 5:3 taper 
showed about the same autorotational tendency as that with 
the single narrow-chord ailerons but the one with 5:1 ta- 
per and the one with the four-section multiple tip aile- 
rons showed much stronger autorotational tendencies, al- 
though definitely below that for the plain wing. 

The maximum autorotational moment with 20° yaw is of 
importance only in the condition in which the airplane is 
skidded and the forward wing tip is rolled upward or the 
rear tip downward by means of a gust. This autorotation- 
al moment, which is large with the plain standard wing, 
was substantially smaller with all the floating tip aile- 
rons. 

Control fforce Required 



The control-force critericn, with which the various 
lateral control devices are compared in regard to the con- 
trol-stick force required to attain .the assumed maxijaum 
deflections, is based on a control-stick movement of ±25° 
and is independent of air speed. The criterion is 

q o S Oi, Oi, Vj35/ 

where F is the force applied at end of control lever of 
length I and <5a/25 is the gear ratio between the aile- 
ron and the control lever. 

The control force required for the full-chord tip ai- 
lerons hinged at the 15 per cent axis location was about 
three times as great as that required for the standard or- 
dinary ailerons. It may be seen from Table XlII that the 
hinge momenta are -from 25 to 50 per cent greater for the 
15 per cent axis location than for the 20 per cent. 
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The control force for the single narrow- chord tip ai- 
lerons with the larger of the two marimunL oLeflectionB as- 
sumed was found to he only about one- -half as great as that 
for the standard ailerons. Tae hinge aonents were tested 
for the forward location only "but it is likely that_ the 
values for the other locations would not "be greatly dif- 
ferent. The hinge momjants for the multiple tip ailerons 
were not measured, hut on the assumption that the hinge 
moments are approximately proportional to the S(iu9,re of 
the aileron chord, they should he somewhat lower than 
those for the single narrow-chord ailerons. 

The control force required for the floating ailerons 
on the 5:3 tapered wing was found to he approximately the 
same as for the standard ordinary ailerons. It would proh- 
ahly not Tse prohibitive even if the asris were moved ahead 
to the 15 per cant location definitely to avoid flutter, 
Very low control forces were found for the ailerons on the 
wing with 5;1 taper, the values heing ahout the same as 
those for ordinary type ailerons with very narrow chord, 
such as the 15 per cent chord ailerons of Fart I, 



OONOLUSIONS 



1, The values of the maximum lift coefficient and 
the speed-range ratio OLmas/CDmin obtained with the 
floating tip ailerons on the wing with 5:1 taper were def- 
initely higher than the values for the best full-chord 
floating tip ailerons on a rectangular wing and nearly as 
high as the vgj.ues for the standard rectangular wing with 
plain ailerons. The values for. the multiple floating tip 
ailerons were lower and those for the single narrow-chord 
floating tip ailerons were substantially lower than the 
values for the full-chord floating tip ailerons on the 
rectangular wing. 

2» The values of the rate-of-climb criterion for all 
the floating tip ailerons of the present tests were lower 
than for the full-chord fljo^ting tip ailerons on a rectan- 
gular wing, which in turn is substantially lower than the 
value for a plain wing with ordinary ailerons. 

3, Vith the higher of the twQ. maximum dcif lecttQae 
the floating tip ailerons on the wing with 5:3 taper and 
also the single narrow-chord ailerons in the foremost 
location gave! approximately satisfactory values of HO at 
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all angles of attaclc. Values of HO of fair magnitude 
were given at all angles of attaclc "by all tlie floating 
tip ailerons witlx all tlie maximum lief lections assumed, 

4, None of the floating tip ailerons gave adverse 
yawing moments of appreciatla magnitude but all gave large 
favorable values about tlie body axes at the iiigli angles 

of attack. Xhe yawing moments about the wind axes were 
close to isero throughout. 

5. She maximum instability in rolling at angles of 
attack above the stall was not as great for any of the 
wings with floating tip ailerons as for the standard wing 
with ordinary ailerons. None of the ailerons tested, how- j 
ever, entirely eliminated the autorotational moments. 1 



I 



6» Some of the floating ailerons of the present 
tests fluttered if given a sufficiently large deflection, 
but reasonably satisfactory control could in all cases 
be obtained with smaller deflections with which no flutter 
occurred. Previous tests indicate that the flutter could 
in all cases be eliminated by moving the hinge axis of 
the ailerons forward a slight amount, 

7, The control fore© recjuired for the full-chord j 
floating tip ailerons on rectangular wings is so large | 
that ailerons of this nature are probably not practicable. 
That required for the floating tip ailerons on the wing 
with 5:3 taper was about the seime as for the standard or- 
dinary ailerons, but that required for the aileron on the 
wing with 5;1 taper and for the single narrow-chord tip 
ailerons was much lower. 

8, Considering all points, the best floating tip ai- 
lerons tested are probably those on the wing with 5:1 
taper and these could probably be improved somewhat by 
moving the hinge axis forward 1 or 2 per cent of the chord 
from the present 18 per cent location. 



( 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley ffield, Va. , February .3, 1933. 
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.018 
-380 


0.730 
.439 

-.043 
.023 
-380 


0.636 
.557 

-.033 
.030 
-49° 


0.563 
.894 

-.018 
.031 
-69° 


0.471 
.824 

-.017 
.033 
-69° 


Up-amMoim 


ISO 








.028 




.029 


.039 


.029 


.028 


.035 


.023 


/.020 
1,018 


r.oi4 

\.017 


.013 






180 

18° 








.003 
-10° 




.001 
-30° 


.002 
-34° 


.003 
-37° 


.003 
-39° 


.003 
-31° 


.003 
-32° 


.002 
-34° 


.001 
-39° 


0 

-4&° 






34° 








.044 




.044 


.043 


.042 


.041 


.039 


.036 


.031 


J'.033 
1..036 


.031 






340 
34° 


On' 

Sat 






0 

-lao 




,003 
-86° 


.005 
-31° 


.005 
-34° 


.006 
-86° 


.006 
-87° 


.004 
-37° 


.002 
-37° 


.001 
-480 


0 

•-53° 














0. 


Axis in wing 47.8 pax cent dhord from lesding edge 










Ailerons floating, neutral 


00 
00 


Od 


-0.004 
.019 


0.098 
.019 


0.206 
.033 


0.448 
.041 


0.679 
.078 


0.846 
.111 


0.918 
.183 


0.977 
.154 


1.033 
.189 


1.028 
.246 


0.797 
.359 


0.710 
.443 


0,623 
.663 


0.567 
.693 


0.466 
.833 


0° 


<h' 


.003 


0 


-.003 


-.009 


-.016 


-.021 


-.035 


-.030 


-.038 


-.063 


-.063 


-.043 


-.031 


-.018 


/-.015 
\-.018 


0° 
0° 


si- 


.003 
60 


.003 
40 


.003 
1° 


.003 
-8° 


.006 
-14° 


.007 
-18° 


.010 
-33° 


.013 
-34° 


.014 
-87° 


.013 
-39° 


.021 
-33° 


.035 
-410 


.021 
-51° 


.031 
-59° 


.022 
-69° 


Up-aad-doim 


16° 
16° 
16° 


Ol' 

Oat 

Ol' 

ii 






.089 




.030 
.002 
-31° 


.030 
.008 
-35° 


.089 
.008 
-38° 


.038 
.002 
-30° 


.018 
.003 
-33° 


.039 
.003 
-34° 


.019 
.001 
-36° 


.014 


.008 






34° 
34° 
84° 






.043 
°-120 




.044 


.043 
.005 
-31° 


.041 
.005 
-33° 


.043 
.006 
-35° 


.038 
.004 
-37° 


.040 
.004 
-37° 


.038 
.002 
-38° 


.033 
°-480 


.014 
-.003 
-60° 














d. 


Axis in vlng 87.3 per oast ohord from leading edge 










Ailerons floating, neutral 


0° 


Od 


-0.017 
.019 


0.108 
.018 


0.337 
.031 


0.478 
.040 


0.705 
.073 


0.864 
.108 


0.930 
.131 


0.986 
.153 


1.033 
.186 


1.030 
.344 


0.793 
.363 


0.710 
.447 


0.613 
.670 


0.546 
.696 


0.448 
.820 


00 


Ol' 


.001 


-.003 


-.005 


-.011 


-.017 


-.031 


-.036 


-.033 


-.039 


-.056 


r-.062 
I-.063 


{::§!! 


-.019 


-.017 


-.015 


00 
00 


OAT 


.003 
6° 


.003 
B° 


.002 
0° 


.003 
-6° 


.005 
-12° 


.008 
-17° 


.010 
-19° 


.013 
-33° 


.014 
-26° 


.013 
-38° 


.031 
-34° 


.036 
-43° 


.033 
-53° 


.031 
-60° 


.033 
-69° 


Up-and-down 


leP 


Ol' 






.028 




.038 


.027 


.037 


.038 


.033 


.019 


r.oi5 

1.017 


r.oio 

\.013 


.003 






16° 
160 


f 
Oj^y 






0 

-7° 




.002 
-31° 


.003 
-35° 


.003 
-37° 


.003 
-30° 


.003 
-31° 


.003 
-33° 


.003 
-36° 


-.001 

-41° 


-.003 
-46° 






34° 


Ol' 






.042 




.043 


.041 


.041 


.040 


.036 


.030 


J".034 
1.025 


J'.015 
t.017 


.009 






34° 
24° 


On" 

Sap 






0 

-18° 




.008 
-36° 


.004 
-30° 


.005 
-38° 


.005 
-36° 


.006 
-37° 


.008 
-39° 


.001 
-39° 


-.003 
-41° 


-.004 
-47° 
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TABLS III 

SOUTIOV TESTS. 12.5 BY 40 IIOH OLiBX T WIKQ 
VITE SYlOXISiaAL TLOATIia TIF AILXROHS 6 ISOE o BI 10 IXOH b 
AIUSBOI AXIS 18 PER OIKT AILEROV OBORD mOU LIJUMHa KXjB . TUPS 0° 

0;, 1. glren for fo>o«l rotation at 0.06 <+j S!;^^''°*tiiJJ^ 

R.X. - 609,000 Talooity - 80 B.p.h. 



a. tola in wing 7.3 par oent oboid froin leaillng edga 





a. 


0° 


10° 


14° 


16° 


18° 


19° 


30° 


31° 


23° 


34° 


35° 


38° 


30° 


37° 


40° 






jLileions floating, neutral - 7aw •> 6° 


(+) 

Rota- 
tion 


Ok 


-0.018 


-0.030 


-0.019 


-0.016 


-0.006 


-0.003 


-0.005 


-0.004 


0.004 


-0.004 


0.005 


0.006 


0.001 


-0.009 


-0.010 


(-) 
Rota- 
tion 


Oa 


-.017 


-.017 


-.017 


-.016 


-.004 


-.006 


-.006 


-.006 


.003 


-.030 


-.031 


-.030 


-.009 


-.008 


-.008 






Ailszons floating, neutral - Taw " -809 


(+) 
Rota- 
tion 


Oa 


-.017 


-.086 


-.038 


-.033 


-.039 




-.049 




-.066 




-.050 




-.031 




-.019 


(-) 
Rota- 
tion 




-.016 


-.007 


-.003 


.001 


.006 




.014 




.038 




.036 




.030 




.004 


13. Axis In wine 87. 3 par cent ahoxd tion leading edge 






<x 


0° 


lO" 


14° 


16° 


18° 


30° 


31° 


33° 


33° 


24° 


35° 


38° 


30° 


38° 


40« 


(+) 
Rota- 
tion 




Ailerons floating, neutral - Taw '0° 


Oa 


-0.030 


-0.031 


-0.030 


-0.016 


-0.006 


-0.006 


0.003 


0.006 


0.003 


-O.0O4 


0.006 


0.006 


0.003 


-0.006 


-0.009 


(-) 
Rota- 
tion 


Oa 


-.017 


-.017 


-.016 


-.013 


-.008 


-.006 


0 


•00»{-.O13 


-.030 


-.033 


-.016 


-.008 


-.009 


-.006 






Allerone floating, neutral - Taw " -so" 


(+) 
Rota- 
tion 


Pa 


-.017 


-.036 


-.038 


-.030 


-.036 


-.048 




-.osa 






-.065 




-.038 




-.014 


(-) 
Rota- 
tion 


Oa 


-.017 


-.008 


-.004 


-.001 


.003 


.013 




.037 






.037 




.033 




.001 


0. Azie In wing 47.3 per oent obonl fioa leading edge 




a 


0» 


IDO 


14° 


leo 


16° 


18° 


30° 


31° 


83° 


23' 


36° 


87° 


30° 


40° 




(+) 
Rota- 
tion 




Ailerons floating, neutral - Taw - 0° 


<h. 


-0.017 


-0.018 




-0.016 






-0.010 


0.008 


0.010 


0.006 


0.009 


0.008 


0.003 


-0.007 




(-) 
Rota- 
tion 


Oa 


-.018 


-.017 




-.018 






-.008 


-.006 


.004 


-.003 


-.033 


-.033 


-.009 


-.008 








llleione floating, neutral - Taw - -30° 


(+) 
Rota- 
tion 


Oa 


-.018 


-.037 


-.031 




-.036 


-.041 


-.063 




-.069 




-.050 


-.043 


-.030 


-.014 




(-) 
Rota- 
tion 


Oa 


-.014 


-.006 


-.001 




.003 


,007 


.018 




.043 




.038 


.038 


.030 


.003 






d. Axis in wing 67.3 pec oent chord from leading edge 




ec 


OO 


10» 


14° 


16» 


M° 1 18° 


80° 


81° 


33° 


33° 


84° 1 36° 


87° 


30° 1 40° 






Ailerons floating, neutral - Taw • 0° 


(+) 
Rota- 
tion 


Oa 


-0.019 


-0.019 


-0.018 


-0.013 


-0.004 


-O.0O3 


-0.003 


-0.003 


0.010 


0.006 


0.001 


0.009 


0.010 


0.004 


-0.007 


(-) 
Rota- 
tion 


Oa 


-.017 


-.017 


-.016 


-.014 


-.006 


-.004 


-.006 


-.004 


.003 


-.021 


-.014 


-.033 


-.033 


-.008 


-.006 








Ailerons floating, neutral - Taw ■ -30° 




(+) 
Rota- 
tion 


Oa 


-.031 


-.036 


-.039 


-.034 


-.041 




-.049 




-.086 






-.048 


-.041 


-.037 


-.008 


{-) 
Rota- 
tion 


Oa 


-.009 


-.003 


.003 


.006 


.010 




.031 




.043 






.037 


.039 


.018 


-.001 
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Table 4 



TitBLB XT 

mOE TESTS. Visa WITH MDLTIPU: TIP FLOlTINa AIIiEBOJ 
U.K. - 608,000 Telooltr > 80 m.p.h. Taw " 0< 



a. Tire tips aaoh end of wing 



a. 


-a° 


0° 


5° 


10° 


14° 


16° 


18° 


30° 


38° 


36° 


30° 


40° 


50° 


60° 












Ailaxona. floating, neutral 


0° 
0° 
QO 


od 
6jup 


0,071 
.018 
-6«> 


0.331 
.038 
-lio 


0.637 
.045 
-18.6° 


0.818 
.076 
-84° 


0.986 
.107 
-87.6° 


1.046 
.137 
-80.6° 


1.018 
.161 
-38° 


0.986 
.180 
_86P 


0.903 
.883 
-87° 


0.610 
.888 
-87° 


0.633 
,399 
-39° 


0.632 
.538 
-41.5° 


0.591 
.687 
-49.6° 


0.504 
.797 
-66° 










Up-and-down 




o o o 

CO CD CO 
■H-H-H 






.086 

0 

-10° 




.030 
.004 
-39° 








.033 
.005 
-41° 






.036 
.001 
-47.5° 


.034 
-.003 
-53.5° 






±16° 
±16° 
±16° 


Oat 




.038 
,001 
-30° 




.063 
.009 
-40° 








.055 
.010 
-48.5° 






.061 
-66° 


.066 
-.006 
-88° 






±24° 
±84° 
±84° 


Oi [ 

Bat 




.038 
.003 
-81° 




.038 
.007 
-46° 


.Ada 
.010 
-68° 


.010 

-63.6° 


.066 
.009 

-540 


.068 
.010 
-66° 


.066 
.008 
-57° 


.068 

0 

-60° 


.070 
-.003 
-64.5° 


.068 
-.011 
-70.6° 


















Ta. 


Four tips eooli end of wing 




^ 








et 


-3° 


0° 


B° 


10° 


14° 


16° 


18° 


30° 


33° 


35° 


30° 


40° 


50° 


60° 




Ailerons floating, neutral 


0° 
0° 




0.104 
.017 
1° 


0.893 
.030 
-3° 


0.667 
.043 
-13° 


0.833 
.076 
-28° 


1.030 
.111 
-85° 


1.069 
.133 
-88.5° 


1.063 
.166 

-31.5° 


1.019 
.200 
-32° 


0.964 
.333 
-34.6° 


0.633 
.338 
-35° 


0.647 
.411 
-36.6° 


0.649 
.661 
-40° 


0.631 
.714 
-47.6° 


0.536 
.837 
-67° 








Up-and-down 


±100 
±10° 
±10° 


Oat 




.030 
.003 
-15° 




.036 
.006 
-39° 








.038 
.008 
-40° 






.043 
.003 
-47° 


.036 
-.005 
-64° 






±30° 
±30° 
±30° 


On' 

Sat 
Sat 




.043 
.003 
-30° 




.056 
.004 
-39° 








.053 
.018 
-50° 






.067 
.002 
-59° 


.058 
-.003 
-66° 






±30° 
±30° 
*30O 




.037 
.006 
-46° 




.068 
.003 
-47° 


.061 
.001 
-60° 


.068 
.006 
-58° 


.057 
.004 
-63° 


.048 
.003 
-64° 


.050 
.003 

-56° 


.055 
-.006 
-67° 


.078 
-.001 
-88° 


.067 
-.007 
-78° 




















0. 


Tlirae tips eoob end of wing 










a 


-4° 


0° 


8° 


10° 


14° 


16° 


18° 


30° 


33° 


35° 


30° 


40° 


50° 


60° 


eju 


p 












illarons 


floating, neutral 












0° 
0° 
0° 


Ol 

^AT 


0.070 
.017 
-3° 


0.300 
.023 
-5° 


0.607 
.046 
-13° 


0.887 
.088 
-81° 


1.063 
.181 
-88° 


1.181 
.148 
-30° 


1.09? 
.179 
-33° 


1.068 
.816 
-35° 


0.990 
.849 
-37° 


0.666 
.868 
-36.6° 


0.674 
.436 
-38.6° 


0.663 
.599 
-47° 


0.617 
.753 
-68° 


0.529 
.899 
■69.6° 




Up-and-down 


± 7° 
± 7° 
± 70 


^' 

°Ar 




.024 

0 

-8° 




.036 

0 

-33° 








.035 
.004 
-39° 






.037 

0 

-43.5° 


.084 
-.004 
-53° 






±14° 
±14° 
±14° 


6ju 
On" 

Sat 




.039 
.003 
-30° 




.039 
.001 
-31° 








.040 
.006 
-44° 






.044 

0 

-50° 


.039 
-.005 
-58° 






±31° 
±31° 
±810 




.040 
.005 
-33° 




.046 
-.003 
-35° 


.047 

0 

-41° 


.046 

.001 
-44° 


.046 
.003 
-47° 


.046 
.003 
-49° 


.046 
.004 
-61° 


.046 
-.003 
-53° 


.048 
-.004 
-54° 


.046 
-.010 
-61° 







M.A.O.i.. T«obatoal lot* >o. *W 



Tables S « 6 



IIBLS r 

roBoc nsia. wua mE miLTipLt hp rLoiTiia aaaam 

R.V. - 609,000 Telooltr - 80 u.ji.h. Taw - -a0° 
a, riTt tlpi eaeli tol of ¥tne 



a 


- 


5«| 


-*« 


o» 


60 


100 


1*0 


180 


IflO 


1 30° 


280 


2S0 


300 


*0O 


600 


600 


Sa 




AllsTcn floating. 


nautzal 


°S 
0' 


SS 

Od 

Sir 




-0.011 
.030 
-.00* 


0.310 
.033 
-.006 

:?8^ 


0.*69 
.039 

-.008 
.003 
-W 


0.731 
.067 

-.011 
.00* 
-800 


0.880 
.096 

-.018 
.007 
-S4.fi0 


0.9SB 
.113 

-.033 
.006 

-aeo 


0.993 
.133 
-.033 
.010 
-88. 50 


1.000 
.168 

-.0*6 
.013 
-530 


0.986 
.316 
-.066 
.014 
-35.50 


0.731 
.847 
-.073 

:§P 


0.666 
.430 
-.066 
.OSL 
-48.^ 


0.63* 
.6*7 
-.036 
.038 
-48.50 


0.697 
.693 
-.033 
.033 
-63.50 


0.636 
.830 
-.033 
.033 
-68.50 


Up-nd-doia 










.039 
-.00! 
-30. B* 




.066 


.066 

.001 
-48. 60 


.066 


.06* 

0 

-*90 


.061 
.004 

-60. eo 


.060 
.003 
-63.60 


.060 
.008 
-B8i80 


.068 

•091 
-60.60 


.040 
-.006 
-67.60 






rou3 tlpi aaoh ead of wing 


a 


- 


»» 








100 


l*o 


160 


18* 


i 8*3 


330 


8.0 


tefl 


400 


500 


600 


Sa 




Atlaxosa floatlsg, nautzal 


0? 

o* 

0° 


OD 


-o.oas 

.03i 
-.00* 




0.333 
.033 
-.008 

2*.60 


0.603 
.039 

-.008 
.003 
-10. 


0.7** 
.069 
-.011 

:S8S 


0.807 
.099 
-.017 
.006 
-38.6* 


0.976 
.118 

-.031 
.010 
-36.60 


1.016 
.136 
-.033 

-38.60 


1.03* 
.176 

-.0*6 
.018 
-S3.BO 


1.036 
.333 
-.06* 


0.763 
.360 

-.076 
.036 
-390 


0.701 
.439 

-.065 
.031 
-43.50 


0.661 
.668 

-.033 
.037 
-60.60 


0.816 
.738 

-.031 
.030 
-B6O 


0.666 
.849 
-.033 

-66?!^ 


tTp^anl-doim 




0}' 
Oi' 

Sap 






.049 




.06* 
.006 
-*40 


.06* 
.003 
-**o 


.068 
-.003 
-*B0 


.06* 

-.003 

-*a° 


.063 
-.003 
-*7° 


.068 
-.003 
-490 


.050 
-.003 

-63° 


.051 
-.00* 

-560 


.04* 

-.008 
-67° 






o. Tbiaa tipi saoh aad of «isg 


ei 


-B» 


1 o» 


8° 


lOO 1 


l*o 


160 


I80 


BO" 


33O 


35O 


300 


40O 


600 


6OO 


Si 




Ailozons floating, neutral 


92 
2S 
22 
92 

OP 


Og 


0.003 

.oao 

-.00* 

i?^ 




0.363 
.033 
-.007 


0.637 
.0*1 

-.008 
.008 
-13.6" 


0.786 
.073 

-.OIB 
.006 
-U.SO 


O.SB* 
.103 

-.019 
.006 
-SB^ 


1.017 
,13* 
-.036 

:S8 


1.068 
.1*6 
-.036 

^8 


1.078 
.183 
-.068 

:§* 


1.076 
.333 
-.069 


0.797 
.37* 
-.060 

:§|8 


0.739 
.*63 
-.060 

:S28 


0.680 
.890 
-.036 

428 


0.636 
.768 
-.033 


0.883 
.898 
-.033 


Bp-«nrt-<1eim 


*31« 


BAT 






.*e5 

:i8 




.*3B 


.048 
-.006 

-35° 


.0*6 
-.006 

-380 


.048 
-.004 
-400 


.048 


.0*5 

-.008 
-450 


.0*3 


.038 
-.00* 
-500 


.038 






TJtBIX TI 

BOTATIOV nSCS. R» IIIB IfULnPU TIP noATiia aiixboib 
Ox 1. siT«> fe> fo«aad xotation ».* O.oe [t| SlSlL^ltitl^ 
S.V. - 608,000 Tslosltr - eo m.p.ll. 
a. rtTe tips eaoh eoA of wisg 






tt 






0« 


1 10" 






18* 


SQO 


1 81O 


330 


830 


840 


350 


SSO 


aoo 


400 


Ailaiena floating, nsntzal Tsv ' 0° 


(+} flotatien 


o^ 


-O.OIZ 


-0.017 


-0.013 


-0.013 


-0.004 


0.001 


0.017 


0.009 




-o.oos 






-o.ooe 


-0.006 


(- 


Rotation 


o^ 


-.018 


-.030 


-.019 


-.017 


-.013 


r-.ooe 

1 .010 


.003 


-.003 




-.007 






-.006 


-.007 


Atlezoaa floattss, uutxal Tar • -20° 


(+) Rotation 
(-} Rotation 


Ox 

Ox 


-.016 
-.015 


-.038 
-.004 


-.036 
.003 


-.043 
.007 


-.063 
.017 


-.063 
.03* 




-.068 
.066 


-0.063 
.066 


-.061 
.065 




-0.066 
.083 


-.060 
.038 


-.036 
.083 


















b. Tour tips 


aaeb • 


Od Of wing 


















a. 






1 


1 10» 


1 1*0 


1 leo 


1 l«o 


1 SOO 1 Sio 


330 


ago 


1 840 


|880 


aeo 


SQO 


400 
















Ailazons floating, nautzal Taw 


-OO 














(+) Rotation 


Ox 


-0.018 


-0.019 


-0.031 


-0.017 


-O.0O8 


0.031 


0.089 


0.033 


0 




-.006 




-O.0O7 


-0.007 


(-) Rotation 


Ox 


-.017 


-.018 


-.013 


-.013 


-.005 


r-.o36 

i .013 


.007 


r .003 

V.036 


-.008 




-.005 




-.004 


-.004 
















Allaioas floating, nautzal Ta« 


- -30O 
















Rotation 
Rotation 


Ox 

Ox 


-.033 
-.009 


-.03* 

0 


-.038 
.007 


-.046 
.011 


-.066 
.033 


-.068 
.036 




-.069 
.060 


-.068 
.060 


-.086 
.069 


-.063 
.059 




-.063 
.043 


-.039 
.039 


0. Tbrse tips saoh snA of wing 




a 


OP 


10" 


[ 1*° 


ibo 


180 


30O 


81O 


330 


3SO 


340 


350 


360 






Allsioas floating, noutial Taw 


- flO 




M Rotation 


Ox 


-0.019 


-0.018 


-0.016 


-O.OIS 


-0.006 


0.017 


0.014 


0.006 




-0.007 






-0.008 


-0.006 


(- 


Rotation 


Ox 


-.030 


-.033 


-.030 


-.017 


-.013 




.00* 


-.001 




-.003 






-.007 


-.007 










Ailazons floating 


nautzal Taw 


- -20° 




(4-} Rotation 
(-) Rotation 


^x 


-.oaa 

-.013 


-.033 
-.003 


-.OZS 
.006 


-.045 
.013 


-.054 
.080 


-.065 

.035 




-.068 
.069 


-0.070 
.061 


-.068 
.060 






-.054 
.0*8 


-.038 
.036 



V.k.O.k. Teobnloal Sots Vo. «58 



TaUas 7, 8, 9 « 10 



TiBU TII 

jroBOE nSTS. 6; 3 TiKItEO WIIO 10 IIOE XTSUSS o ET 60 IIOH 'I 
WITH OURT T Kill PHOrllX OD SIIUXTRIOAL TLOAIIR} Iir IILEROIB 33.5 nR OSIR b/S 
iXIB 18 PER OSII or SSOTIOlr OBOROS rROU LCiDIK EDa. FUfS O.B° OP 
n V _ Ano noA v..iam4«- — on - . t. T&T * 0^ 



a 


-s° 1 -s« 


0° 


1^* 1 


10° 


18° 


14° 


15° 


16° 


17° 1 


18° 


80° 


aa» 


88° 


80° 


40° 


80° 


80° 


Sa up 6a da 




AllsTona flOKtlag, uutral 


0° 


i" 

°A7 


0.094 
.030 
14° 


0.196 
.019 
IQO 


0.344 
.031 
-60 


0.670 
.043 
-100 


0.886 
.078 
-13. SO 


0.991 
.093 
-1S.60 




1.114 
.117 
-160 


1.130 
.131 
-170 


1.075 
.149 

-170 


1.063 
.166 
-17.80 


0.961 
.193 
-IBO 


0.876 
.330 
-190 


0.660 
.333 
-330 


0.665 
.401 
-370 


0.643 
..S6« 
»-380 


0.600 
,.713 
»-480 


0.615 
..848 
»-630 


I 


tp-aad-dovn 


13° 


Oj' 
?i 






.037 




.036 
.001 
-MO 


.036 
.001 

-aao 


.036 
.001 
-340 




.037 




.033 

0 

-340 


.033 
"•134^ 


.034 
-.003 
-86° 


.033 
-.003 
-38° 


.033 
-.004 
-340 


.015 
-.005 
-44O 






34° 


Ol- 






.060 




.049 


.080 


.049 




.048 




r.04B 
\.0B3 


.043 


.044 


.044 


.039 


.038 






84° 
34° 


^' 

OAT 






0 

-18° 




.003 
-36° 


.003 
-370 


.003 
-39° 




.003 
-31° 




.003 
-330 


0 

-330 


-.003 
-340 


-.008 
-39° 


-.006 
-430 


-.007 
-53° 






33° 
33° 
88° 


0,' 






' .064 
-.001 
-ISO 




.063 
.003 
-87° 


.063 
.003 
-80° 


.060 
.003 
-33° 




.OSS 
.003 
-84° 




.054 
.003 
-88° 


.066 
-.001 
-87° 


.061 
-.003 
-40° 


.056 
-.005 
-48° 


.061 
-.006 
-460 


.037 
-.007 
-53° 







■Allexoni flutteztd ■llghtlr 



TiBU mi 

roRsc naiB. b:8 tumED wiio 10 hob atsrjs 0 bt bo iioh b 

WITS OLlBt T lUIl PnorlLI AID BIUBTRIOAL nOAIIia TIP ilUBOIS 88. E PIR OIIT b/3. 
AXES 18 PER OIIT OF BSOTIOI OBOima nOX LEADIia ISOE. rUfS 0.6° UP 



a 




-8° 


-30 


0° 




, ""1 
10° 


189 |14° 


18° 


18° 


30° 


33° 


35° 


30° 


40° 


60° 


60° 1 1 


Sj^ Sj^ dn 














lllsToni 


floLtliiff, neutral 














Plffgraneg 

i 

0° 


OL 

On 

Ol" 

t' 
«ir 


0.063 
.018 
.007 
.001 
11° 


0.09S 
.016 
.003 
.001 
80 


0.387 
.031 
.001 
.008 
-40 


o.sia 

.040 
-.008 
.008 

-v> 


0.780 
.070 

-.004 
.004 
-MP 


0.869 
.084 

-.006 
.004 
-IBO 


.960 
.099 
-.009 
.006 
-17° 


l.OOB 

.ue 

-.018 
.008 
-19° 


1.046 
.141 

-.038 
.008 

-aoo 


1.045 
.185 

-.088 
.011 
-88° 


0.790 
.398 

-.068 
• OIB 
-88° 


0.734 
.338 

-.064 
.081 
-86° 


0.710 
.413 

-.040 
.084 

■-840 


0.660 
.547 

-.017 
.083 

■-(80 


0.603 
.69T 

-.014 
.086 

•..840 


0.606 
.737 

-.018 
.038 

a-eoo 








































84° 
84° 
84° 

11^ 
88P 


P' 






.043 
-.001 

-11° 




.041 

0 
-33° 


.039 
-.001 
-38° 


b 
b 
b 


b 
b 
b 


.034 
-.001 
-31° 


.041 
-.003 
-31° 


.030 
°-38° 


.087 
-.003 
-350 


.017 
-.001 
-39O 


.014 
-.004 
-480 














.053 
-.008 
-14° 




Ip 
b 


b 
b 

b 


b 

b 
b 


b 
b 

b 


.048 

0 

-340 


,049 
-.003 
-35° 


.034 
-.005 
-36° 


.036 
-.008 
-37° 


.033 
-.008 
-380 


.018 
-.006 
-48° 











jAlloroni fluttared illgbtly 

OAtlexons fluttaxad Tiolentlr; t^Maalble to zaid balaneaa. 



TABLE IZ 

80IATI0S TEBTB. 8:8 TiPESED WIIO 10 IIOR AVXRilB 0 Bqr 80 HOB b 
¥ITH OLiHK T KAII PSOPILE AID SIUIIBTRiaAL TUATIIO TIP AILEROn S8.B PER OER b/8 
AXIS IS PES OEIT or SEOTIOI OBOSOB IROII LEASIia ESOI 



0;^ ti BlTsn for f oroad zotstioB -at .g!^ • 



O.OB 



+) aiding lotatlea 
daiVlBC lotattoa 



tt 1 0° 1 18° 1 14° 1 16° 1 180 


17° i 18° 1 19° 1 30° 1 31° 1 33° 1 83° 1 86° 1 80° 1 86° [ 40° 1 


(+) 
Rotation 

(-> 
Rotation 


o> 

Ox 


-0.031 
-0.018 


-0.018 
-.016 




-0.006 

-.010 


0.003 
-.003 


0.009 
.003 


0.009 
.003 


0.008 
.003 


m 

.003 


J aw 


- u 

0.006 

.001 


-O.0O4 
-.004 


-0.011 
-.006 


-o.ooe 

-.008 




-0.007 
-.005 














Allexosa floating, nautzal Tair - -30" 














(t) 
Rotation 

(-> 
Rotation 


o» 

0). 


-.036 
-.011 


-.033 
-.001 


-.036 
.006 




-.045 
.OU 




-.059 
.089 


-.066 

.089 


-.041 
.055 


-.048 
.064 




-.058 
.047 


-.065 
.048 


-.036 
.084 


-.033 
.016 


-.037 

.013 





TABIC Z 

rOROI TSSTS. 6:1 TAPERED WIIO 10 IIOH lYlJUOS 0 BT 60 IIOH b 
WITH OLAHZ I KAII PSOTILI AID BtllUEIRIOAL rLOATIIO TIP AIIXR0I8 38.33 MR CIXT b/3 
iXia IS PER OEIT or SEOTIOI CS0RD8 rEO* LSADIia IIX8 . FLAPB 0° 



R.I. 



80 I 





a 


-5° 


1 -4° 


-8° 


1 0° 


1 »• 


10° 


13° 


14° 


1 16° 


180 


30° 


88° 1 8S° 


80° 1 40° 


80° 


60° 1 


6a up 6a d 
Dlffazenci 


In 








Allazona floating, nautzal 


0° 
0° 
0° 


Ol 
od 
Sap 


-0.018 
.016 
4° 


0.047 
.015 

3° 


0.086 
.016 
3° 


0.338 
.030 
-4° 


0.536 
.041 
-8° 


O.SIB 
.077 
-14° 


0.98B 
,.094 
-16° 


1.088 
.114 

-18° 


1.130 
.133 
-30° 


1.183 
.154 

-30° 


1.067 
.193 
-33° 


0.958 
.315 
-84° 


0.733 
' .348 

-87° 


0.665 
.408 
-33° 


0.618 
.537 
-48° 


0.5S4 
.890 
-53° 


.603 
.838 
-88° 












Dp-aM.^o»n 












lOO 

10° 
10° 
30° 
30° 
800 


Ol' 

°Ar 








.033 




.033 

0 

-17° 


.081 

0 
-18° 


.031 

0 
-80° 


.080 
•'*° 


.019 

.001 
-33° 


.030 


f.iSi 

1,016 


loo? 

-13°^ 


.015 


.018 








Ot' 

Oat 








.040 
.003 
-15° 




.038 
.003 
-33° 


.039 
.008 
-35° 


.038 
.008 
-86° 


.087 
.003 


.035 
.003 
-39° 


.036 
.001 
-81° 


.033 

0 

-33° 


.031 
.001 
-37° 


.034 
-.003 
-48° 


.034 
-.003 
-61° 








88° 

88° 
360 


Ol" 

t' 

"AT 








.064 

.001 
-15° 




.053 

.004 
-88° 


.053 
.004 

-30° 


.049 

.004 

-33° 


.048 
.004 
-36° 


.047 

.004 
-37° 


/.oa 

1.040 
.003 
-390 


.045 

.001 
-39° 


r.o4s 

lois 

-.003 
-410 


.043 

-.003 
-48° 


.033 

-.003 
-550 









t.A.O.k. Taduiloil Iota lo. 458 



Titles 11, 13 4 IS 



liBU XI 

rOROI TSSIB. 6:1 IlFERED ma 10 IlOa ATIBIQE o BT 60 IIOH b 
VltH OUBE T lUIV FROriLZ ilD BIHHIIRIOAL IXOAIIia TIF ilLKtOn 38. S3 MR Ottt b/a 

izis 18 m. axn or bcotiov oHaiiDB inoK ixisiia sua. run o° 



R.I. - eos.ooo 



Talooltr " 80 ■.p.h. 



Taw ' 



-30" 





a 


-5° 


-30 


OO 


80 


lOO 


130 


I40 


160 


180 


300 


330 


35O 


30° 


400 


600 


600 




Allaxona floating, nautral 




Dlffgranea 

0° 
0° 
0" 


°l' 

i;; 


-0.031 
.017 
-.008 

•28' 


0.076 
.016 
.003 
.003 
-8° 


0.314 
.021 

-.006 
.003 
-SO 


0.464 
.039 

-.011 
.003 

-a" 


0.716 
.070 
-.017 


0.818 
.085 

-.018 
.COB 
-IB" 


0.805 
.101 

-.031 
.006 
-IB.BO 


0.990 
.123 

-.085 
.008 

-it.bo 


1.066 
.142 

-.038 
.010 
-80° 


1.116 
.175 

-.037 
.010 

-aso 


1.088 
.363 

-.061 
.004 
-86° 


1.048 
.339 
-.084 

-37O 


0.S83 
.400 

-.035 
.018 

-aao 


0.631 
.534 
-.038 

.ma 

-4«o 


0.566 
.688 
-.033 

.oaa 
-bbo 


0.483 
.814 

-.023 
.085 
-B40 


Dp-and-doim 


300 
880 

»2 

38° 








.031 
.001 
-lOO 
.043 

1?P 




.031 
.003 
-210 
.043 
.003 

-aeo 


.031 
.003 
-33O 
.043 
.003 
-390 


.030 
.003 
-350 
.043 
.004 
-SlO 


.030 
.003 
-270 
a 
a 
a 


.039 
.003 
-29° 
a 
a 
a 


.019 
.003 
-310 
.030 
.003 
-37O 


.037 
.004 
-350 
.034 

.006 
-38* 


.036 

:S°5S 

.036 
.003 
-39° 


.084 
.008 
-410 

.033 
.003 
-44° 


.017 
.001 
-49° 
.034 

0 

-B4° 







^AlleTona fluttered Tloleotln Iqoeelbla to read, btaaseei. 



TABLE Zn 

ROIATIOS TESTS. 6:1 linBED WHO 10 IIOH XTIR/US 0 BT 60 IIOH b 
WITH OUSX T lUIS PROriLB AO SnOIEIRIOAIi rLOilllO TS AILZSOHB 38.33 nR OIIT b/8 
AXIS 18 PER CBIT 07 SEOKOX OBODOB HIOll UADUO ED(S. rUPS OO 

Ox 1. gtren to. foro«l rotation at f^^-O.OB [l] ^^'^J^jj^^ 
R.I. - 609,000 Talooltr - 80 B.ji.li. 







o* 


180 


160 


170 


180 


IBO 


800 


aio 


aso 


830 


340 


350 


380 


300 


400 














Ailerons floating, neutral 


Taw - 


oO 












(*) 

Retattoa 


Ox 


-0.018 


-0.017 


-0.004 


0.006 


0.011 


0.087 


0.036 


0.088 




0.019 




0.004 


0.001 


-0.004 


-o.ooe 




(-) 
Rotation 


Ox 


-.014 


-.013 


-.006 


.003 


.008 


.008 


.006 


.006 




-.003 




.006 


.006 


-.003 


-.004 














Alleroni floating, nautzal 


Taw - 


-30° 










(+) 
Rotation 

(-) 
Rotation 


Of. 
Ox 


-.018 
-.011 


-.018 
-.010 


-.019 
-.006 


-.030 
-.003 


-.0?3 
.006 




-.030 
.019 


-.036 
.036 


-.006 
.038 


-.034 
.039 


-.001 
.004 


-.004 
.004 




-.030 
.006 


-.Oil 
-.001 





TABLE XIII 
SHOE U01IEIT8 COErriOIEHTB (Or) 
OLABE T mas HIE I.A.O.A. 0010 FLOATIia TIP AIUROIB 



a 


0° 


10° 


ao" 


30° 


Sat 


a. Tip ailerons 100 per oent 0 by 80 per oent b/8 
niq^s 0 . lo end plataa 


16 per oent asie 


410? 
±aoo 


0.0068 
.0173 


0.0108 
.0836 


0.0096 
.0360 


0.0077 
.0186 


80 per oent asii 


±10? 
±80" 


.0036 
.0118 


.0070 
.0189 


.0064 
.0199 


.0054 
.0136 


b. Harrow Ahord tip ailerona. Aileron axis 18 per oent oboTd 
from L.S. of aileron and 7.8 per oent oho id fxon L.E, of wing 


± 8° 
±130 


.0018 
.0088 
.0030 


.0014 
.0030 
.0043 


.0030 
.0031 
.0047 


.0013 
.0033 
.0036 


0. St 3 lapeied wing. Aileron axla 18 per oent 0 froa I.E. 


± 60 
il60 


• 0010 
.0038 
.0059 


.0030 
.0068 
.0099 


.0043 
.0083 
.0131 


.0036 
.0073 
.0106 


d. 6:1 Tapered wing. Aileron axis 18 per oent 0 from L.E. 


± 50 
±10° 
U.40 


.0014 
.0038 
.0035 


.0030 
.0037 
.0060 


.0030 
.0037 
.0061 


.0014 
.0029 
.0041 



liBU XIT 



SQBinOT 


(BttCBtOt 




1 bS 'g 

hlh 


6 D H %] 
• 4* H o ■ ■ a 


bxzov oboid ij Mil tri. aril float lag tip allsnai to jut omk of 
toailo vtog dMnd S3. 33 par out e/3. Flapi 0 . w obI platea, 
Ultion azli IB pn csat of . allaioa o ttta lamUst adga. 


WlK with manjia tip 
rioatlas allaxona 


6:3 tapaiad ilag 
alth tofand ar»- 
Mtxlaal floatliiB 
tip allarona 100 
pai oant o bj 
83.6 pai aani b/8 
FUpa O.e" Vf. 
■o end plutaa. 
18 pal oaot axla 


B:l t^axad ving 
vltb tmaxad ani- 
■atriatl flMtlns 
tip allaioiH 100 
par eaat a bgr 
38,83 par oant b/ll 
nasa 0°. la au 
plBtaa. 18 par 
oont alia 


ixlt 7.3 p» 
aent of baato 
uliig 0 fxen 


Axil 37.8 p«X 
oast of baale 
viae a fica 
laailng oiIbo 


JUdi 47. a pax 
oant of baalo 
llw e fioB 

Isaoliie odgo 


izla 67.3 psi 

omt of bulo 
Tins 0 fxoa 
laidliig odea 


6 tlpa 

eaob 
SUA oX 
wlag 


rad of 
alas 


'a'a^ 
easn 

ead of 
wine 






6 


auad- 


noaxliis 
40° dlfffZ- 

eao* U pn 
0«IIt *xi> 


Uffliz- 
snoe 


ilttn- 
noa 


Olffer- 
oaoe 


4iff0T- 
mm 


Alffax- 
aBM 


anat 


noal 

diffei- 
•noa 


aaoo 


noat- 
InS 48° 
dlffax- 
OBoa 


naat- 

Ing BO" 
dlffor- 
ano* 


rlaat- 
1B8 48° 
41ff«l- 
enoa 


noal 

SO 

dlffsT- 
onca 


dirfoi- 


n^ai 
ai.B 

dllfoj- 


"fa 

diffax- 
eooa 


ting a»& at 
■inlMm ipMl 


• 

OfMBX 




i.vro 


l.UIS 


o.«e7 


0.967 


i.ooa 


1.008 


O.BH 


0.997 


0,9M 


0,994 


1,046 


1,QB0 


1,131 


1.130 


I.ISO 


I.ISS 


1.183 




£lMS. 




7».4 


68.0 


as.s 


BS.S 


6S.8 


6s,a 


ei.3 


61.8 


S0.6 


60.a 


B8.1 


84,6 


64,6 


as.8 


63.3 


77.8 


77.8 


Il«ta of oUab 


L/a 4t 
Oi, - O.TD, 




19.B 


IS.I 


8.7 


8.7 


B,9 


B,B 


8.8 


9.8 


S.S 


9.6 


U.l 


u.e 


18.7 


18.7 


18.7 


11,4 


U.4 


IiKttial 


m a - oi 
ED a -10° 

BO a-3CP 

RO « •«)<■ 


.aot 

•OTB 

.ose 

,Q1T 


,xa 

.088 

.on 

.OSS 


'.asB 

I .OTB 
-.051 
< .OM 


.338 
,101 

.OTt 

.106 


.3H 
,07fi 

.OH 

n^.OBI 
V .078 


,308 
,087 

.OTS 

.09B 


.878 
.OTS 

.063 

i :e77 


,S4B 
.093 

.oa« 

.093 


,SM 
.076 

.066 


.378 
.087 

.063 

i*.090 
\ .085 


.IBS 
.060 

.061 

.100 


.Ui 
.080 

.048 

,106 


.094 
.064 

.049 

.061 


.076 

/■•.060 
I .088 

.077 


.898 
.080 

f *.064 

\ .075 

.081 


.871 
.079 

V .061 

^ .078 


,848 
.086 

/K.06S 
I ,086 

.lau 


brtoal 


IfaxJLra d a* (iildb 
nllnroaa wlW lul> 
Oi' dua to 


M° 


aofo 


M° 


no 


18° 


Xf 


18° 


ao° 


18° 


1B» 


ss" 


n" 


»» 


80° 


80° 


18° 


SOP 


TaalBg aoasirti 

il w mi larWUM 

(t) -fannbte 
(-) vatcnmbla 


Oil' «- OP 
On' «- IflP 
«b' a. - kP 
Ob* a - nP 




-.007 
-.BOB 


.OOi 
.097 
.017 


.008 

.oie 

.DM 


.001 

.oia 
.o» 
.oaa 


.ooa 
.000 

.017 


''.OOB 
.013 
.033 
.006 


.008 
.010 
,017 


^.OOl 

n.ooa 

,013 
.081 
.088 


,069 
.017 


.aw 
.asa 
•.oas 

.033 


,003 
".OM 
.033 

.034 


.008 
.014 
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Note. X indicates 

axis loca- 
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Figure 1. Narrow- 
chord 

floating tip ai- q gu 
lerons - four axis " "f 
locations. 
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S'igare 2. Multiple 

tip float- 
ing ailerons. 5 tips 
each end. 
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Note. X indicates 
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axis locations. 
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figure 3. Multiple 

tip float- 
ing ailerons. 4 tips 
each, end. \ 
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Note. X indicates 

aileron ajiis 
locations. 
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Figure 4. Multiple 

tip float- 
ing ailerons. 5 tips 
eacli end. 
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Figure 7. Variation of rolling moment coefficient with. aileron_ 
deflection for -Qie narrow-chord tip ailerons, a = 10° 
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Figure 8. Variation of rolling moment coefficient with aileron deflection 
for the multiple tip ailerons, a = 10° 



N.A.C.A. Technical JTote "So. 458 



Fig. 9 



.07 




0 fC 1 1 1 i 1 1 1 1 

00 10° 20° 30° 40° 500 

Difference in angle of ailerons, 6 
Figure 9. Variation of rolling moment coefficient with, aileron 
deflection for the tip ailerons on the taiDered wings, 

a, = 10° 



